S1. Model for the heterogeneous and homogeneous electron transfer
The model of the electron transfer across the liquid-liquid interface was built in 1D utilizing COMSOL Multiphysics 4.4 and 5.2. Effects of migration were assumed negligible, so two "Transport of Diluted Species-physics" were utilized for diffusion of all the species, one in aqueous phase and the other in oil phase. The potential ramp was done using a tringle -function with 5 mV transition zone and two continuous derivatives. The general diffusion equation for a species i is:
where c is concentration, t is time, D is the diffusion coefficient and R is the reaction term for the species i. The species in the model are Fc, Fc + , (present in both phases) and where it will react homogeneously by the following reaction:
This reaction is described as a bimolecular reaction
The equilibrium constant K hom = k 1 /k -1 can be evaluated when the redox potentials of both redox couples are known. E Fc can be calculated as
or 12.4 (Li 2 SO 4 ) (S4) k 1 was varied to match the simulations and experimental data
The concentration boundary conditions were used at outer boundaries of the phases (c i = bulk concentration). The boundary conditions at the liquid-liquid interface were set as inward fluxes (N i ) according to the following reactions:
In the aqueous phase, the inward fluxes are
In the TFT phase, the inward fluxes include both contributions from reactions (S5) and (S6) or (S7):
Here the bimolecular rate constants ET,f k and ET,b k and unimolecular rate constants for ion transfer reactions (k IT and k IT2 ) are Butler-Volmer type rate constants depending on the Galvani potential difference w o φ Δ with the expressions:
where f = F/RT. The α for all the ion transfer reactions was set to 0.5, and was varied between 0 and 1 for electron transfer reactions. The unimolecular standard rate constants for ion transfer ( 
Partition coefficient of Fc between TFT and water was calculated from the thermodynamic cycle as described by Fermin and Lahtinen [4] . Standard potential of a redox couple in organic solvent can be expressed with the help as the redox potential in water and the Gibbs energies of transfer of reduced and oxidized species from water to oil:
Hence, the redox potential of Fc in TFT can be expressed as 
The standard electron transfer potential was evaluated by
S2. Model for the NP catalyzed interfacial electron transfer
Another approach was used to consider the metal particle as a bipolar electrode in between the two phases. In this case, the model was constructed with two "Transport of Dilluted Speciesphysics" and "Electric Currents-physics" to account for the current through the bipolar electrode. For simplicity, only electron transfer was considered (Reaction S5). Now, the oxidation of Fc was considered to take place at the oil side of AuNP, and reduction of Fe(III) in the aqueous phase. 
where the rate constants for oxidation and reduction are expressed as
Note that in Eq. (S23) the direction of flux is reversed, as in reactions (S21-22) the electrons are flowing from oil to metal to aqueous phase, and current is flowing the opposite way (oxidative current is positive as defined by IUPAC). The effect of the Galvani potential difference included in the exponents of the rate constants of the aqueous phase. k w 0 was set as 0.04 cm s -1 [5] , and all values of α were set to 0.5. The governing equations of the "Electric Currents -physics" in the metal phase are:
where J and E are current density and electric field (both are vector variables), σ is conductivity and E NP is the nanoparticle potential. This equation is Ohm's law for the current and the potential. The boundary conditions were set utilizing the inward current density:
When solving the system, the NP potential E NP is floating so that both J The current density was normalized by the total iron concentration, 10 mM Li 2 SO 4 electrolyte, scan rate 10 mV·s -1 . Figure 3 a-c).
S4. Reaction layer thickness in the pre-partitioning mechanims

